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Performance analysis of an organic Rankine cycle for ocean thermal energy conversion system

according to pinch point temperature difference
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Abstract: An organic Rankine cycle for ocean thermal energy conversion system is a generating cycle using the temperature difference between
surface water and deep water of the ocean. The working fluid is an important factor in the thermodynamic performance of an organic Rankine
cycle. There is pinch point analysis as thermodynamic analysis of an organic Rankine cycle. This study performed a thermodynamic performance
analysis according to variation in the pinch point temperature difference in heat exchangers and variation of outlet temperature of heat source and
heat sink. It analyzed the thermodynamic performance by applying seven types of simple working fluids in a simple Rankine cycle for ocean
thermal energy conversion that was designed according to pinch point analysis. As a result of the performance analysis, cycle irreversibility and
total exergy destruction factor more decreased, and second law efficiency more increased in the lower pinch point temperature difference and
temperature variation of heat source and heat sink in heat exchangers. In addition, the irreversibility changed greatly at a point that occurred in
the thermodynamic variation. Among the selected working fluids, RE245fa2 showed the best thermodynamic performance, and the performance of
all working fluids was observed to be similar. It needs a strict theoretical basis about diverse factors with thermodynamic performances in
selecting heat exchangers and working fluids.

Keywords: Ocean thermal energy conversion, Organic Rankine cycle, Pinch point temperature difference, Working fluid, Second law

efficiency

Nomenclature W : Power
EDF : Exergy destruction factor h : Enthalpy
T : Irreversibility rate m  : Mass flow rate
Q  : Heat rate s : Entropy
T . Temperature n » Efficiency
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Figure 1: Schematic diagram of the simple Rankine cycle
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Figure 2: T-s diagram of the simple Rankine cycle
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255 AAg) S 75 due 237, $571 Table 3: Safety classifications according to the ASHRAE
=75 e 2o AR 7Ptk Afel 2] Wk safety group
st 7Hgerst on, dulgkr] el el hertshe T8kl S Lower Higher
; Flammability in air (@ .. -
ot} Bz H3xzo] F88 747 85%, 80%= 73St o, 60['C] & 1013 [kPa]) toxicity toxicity
: * > *
F9) g9 £miz 200 e (OELT 24000 - (OBL™
ppm]) 400[ppm])
Higher flammability A3 B3
Table 1: Basic design parameters for the thermodynamic cycle Lower flammability A2 B2
Parameters Values Lower flammability
Surface seawater temperature [ C] 28 (with a maximum burning A2L B2L
Deep seawater temperature [C] 5 velocity of =10[cm/s])
Seawater temperature difference [TC] No flame propagation Al B1
(between inlet and outlet at the 3 *OEL : Occupational Exposure Limit
evaporator and condenser)
Evaporation .plnch pon:t temperature 2 223 Peng-Robinson 4 PR Al
difference [C] LA 3 AFEIHERAL S Zheha o 5
Condensation pinch point temperature ) 178717 eidrg 22 sk o1 R vt ARk
difference [TC] of geu= nr} AstA 49 HHE Uehdr] A%
Evaporator exit vapor quality 1 AANA A A S0] Al QTH19]. 2 Aol A
5 Cff)ndenser exit f\]/apor qualli(ty/ 1 (())00 = thgee] AA71A e 4] % Peng-Robinson W4 4]
ur a.ce sea})vater. ow .rate [kg/s] , o AL,
Turbine adiabatic efficiency [%] 85
— : o
Puilglb?:ﬁb?eti Zf:::: c[y"c[]m ig - AT aa (20)
. PV ey, -
222 HERA S MY 0.457235R*T; .
a=—
B ATl E Kim S(1819) A7l 4us AAe 2 b @b
FHAE B Le SP100 Slahe A AAR R A
512 2~ . . - 0.077796 RT,
T3} X]9(GWP; Global Warming Potential)ol] tigh ] p=— e 22)
7 ZBhsE FAlO R, B AT ME GWPZE 1500 ol 5 "
el ZHefFA| = AESIA T AA S 752] 2 -2l Table a=(1+x(1— 7)) 23)
29} g} 7|4 AAgE AEHAT dry fluid, isentropic
fluid 2 wet fluid= #7350, 242 £3}57149 7177} K =0.37464 4 1.54226w — 0.269920> (24)
&, F-ebd] 18] Al 50|t Table 3+ Table 20 A€ r
ASHRAE <¢Hd-g5ol dha] vebith 2 A= 54 T, == (25)
2 JhAAol v Al A2 1EC] AERAE A%
©, ASHRAE HdEwo] d#AA &2 #sfAles = o714, AN A &) (7)ot HE(p,) 1L 71A1
A, A A AR AFskalth F(R)Z o] g3te] A 1) ~ 22)olA adt b3S AR 5
Table 2: Information of the working fluids
Class Dry fluid Isentropic fluid Wet fluid
Substance R236ea RE245fa2 R134a R1234yf R32 R152a R161
Type HFC HFC HFC HFO HFC HFC HFC
CAS no. 431-63-0 1885-48-9 811-97-2 754-12-1 75-10-5 75-37-6 353-36-6
P apazac [MPa] 0.2 0.08 0.65 0.66 1.64 0.58 0.9
Bigaroc [MPa] 0.12 0.04 0.41 0.44 1.11 0.37 0.6
ALT [years] 10.7 22 14 0.03 4.9 1.4 0.3
GWP 1370 286 1430 4 675 124 12
ODP 0 0 0 0 0 0 0
ASHRAE safety group - - Al A2L A2L A2 -

* ALT : Atmosphere Life Time , ODP : Ozone Depletion Potential
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